The Savannah River Site's (SRS) Environmental Restoration Division (ERD) is in the process of reconditioning and decommissioning potentially contaminated facilities. Many of these facilities require inspection prior to remediation tasks. Remote inspections are necessary to reduce hazards and ensure the health and safety of workers and the public. To aid in ERD's efforts, the Remote and Specialty Equipment Systems (RSES) section developed a remote inspection vehicle referred to as the Manhole Access Pipecrawler System (MAPS).
INTRODUCTION
The Savannah River Site's (SRS) Environmental Restoration Division (ERD) is charged with reconditioning facilities, waste sites, groundwater units, and drainage systems. Due to the historical nature at SRS in producing and handling radioactive materials, a potential danger exists in residual contamination. ERD's efforts in remediating SRS facilities aim to minimize environmental damage while ensuring the health and safety of workers and the public. As part of this environmental restoration effort, SRS faces the challenge of performing radiological and visual inspections on decommissioned facilities, waste sites, and thousands of feet of buried pipeline and passageways.
Many SRS facilities, structures, and systems requiring inspection have limited access and consist of dangerous confined spaces. These physical conditions inhibit workers in accomplishing tasks safely and effectively. Additionally, the potential presence of contamination further reduces the ability to utilize workers in inspection tasks. The dangers and risks associated with inspection tasks outweigh the benefits of using workers in these efforts. Consequently remote inspection capabilities are needed to minimize the dangers in remediating SRS facilities. Various types of remote tracked and wheeled vehicles are commercially available for facility inspections. The unique requirements and conditions at SRS preclude the use of standard off-the-shelf vehicles and have led to the design and development of an inexpensive remote inspection system referred to as the Manhole Access Pipecrawler System (MAPS).
Throughout the past fifteen years, the Remote and Specialty Equipment Systems (RSES) section has been involved in numerous inspection operations around the Savannah River Site (SRS). RSES has been faced with various deployment and operational challenges during these inspection tasks. The challenges included lowering systems through small access portals, operating equipment in confined spaces, remotely inspecting facility interior spaces, navigating obstacles, and traversing long distances over variable terrain. Lessons learned from these inspections contributed to the MAPS design philosophy.
While the MAPS can be effectively utilized in many different applications, it will primarily be used in pipeline inspection. Manhole entries provide internal access to the pipeline; however, access points are usually separated by hundreds of feet. Small manhole diameters, ~ 24", also limit pipeline access. Pipeline material and internal pipeline conditions created additional design guidelines in the form of operational variability. Concrete, plastic, and steel pipelines are common at SRS. The interior surfaces of these pipelines behave differently depending on the presence of liquid. Previous inspections have indicated that pipelines are either empty or contain sediment and liquid. It was critical to design a crawler system capable of functioning in the presence of liquid and other debris.
In the event that MAPS was deployed in a contaminated pipeline, it would be necessary to decommission the entire inspection system within the pipeline. Consequently, it was desired to develop an inexpensive system consisting of readily available parts in order to minimize the cost, time and effort in replacing the system.
DESIGN CRITERIA
The MAPS design was shaped by a number of criteria. The critical MAPS design parameters included cost, size, operating range, control method, weight, inspection and contamination detection capability, pipeline conditions, and payload. As mentioned previously, it was important to develop an inexpensive system in order to replace the system at minimal cost. The vehicle had to be sized sufficiently to pass through a 24" diameter hole. Distances up to 300' separate SRS pipeline access points so the crawler operating range and control scheme had to accommodate long distances. It was felt that the crawler had to be controlled by a tethered cable to reduce cost, re-charge batteries, and account for operating failure and subsequent retrieval. Consequently, the crawler was to be strong enough to pull 100 pounds of tethered control cable; the target design weight for the MAPS was 150 pounds. It was necessary to integrate remote video and radiation detection equipment in the MAPS design for navigational, inspection, and contamination survey purposes. Finally, varying internal pipeline conditions dictated the use of a robust, durable drive system.
THE MANHOLE ACCESS PIPE CRAWLER SYSTEM
The MAPS, shown in Figure 1 , consists of four components: the mobile inspection vehicle, the control console, a 300' tethered control cable and associated cable reel, and a deployment/retrieval system. The control console is connected to the crawler via the tethered cable. A cable reel, which is mounted on a hand truck, is used to dispense the control cable during field deployment. A tripod and hoist system is used to deploy and lower the system through a manhole and down into the pipeline; the tripod and hoist are also utilized in retrieving MAPS from the pipeline.
Vehicle Design
The MAPS, shown in Figure 2 , is a battery-powered, chain-driven vehicle that rolls on four pneumatic tires. The MAPS weighs approximately 150 pounds, including 80 pounds of batteries. The major subassemblies of the vehicle include the chassis, drive system, and camera system. The design intent was to develop an inexpensive inspection vehicle that could be inserted through a manhole. This was achieved using commercial, off-the-shelf components.
Figure 2. MAPS Vehicle
A Hoffman rectangular feed-through, wireway enclosure is used as the chassis frame. The enclosure features are well suited for a remote vehicle chassis. The Hoffman wireway enclosures are normally used to protect electrical wiring from dust, dirt, oil, and water. The welded enclosure is constructed of 14-gauge steel, is open at both ends, and has a hinged top sealed with a gasket. The ends of the wireway enclosure are flanged and are covered using sealing gaskets and end plates. Hoffman enclosures come in a variety of sizes; the size chosen for the MAPS was 8" x 8" x 24". It perfectly matched the battery size necessary to power the vehicle. Some minor alterations were made to the enclosure. Holes were drilled at each end to accommodate the tire axles. The top's lid was cut into 2 parts; one half was hinged and provided access to the vehicle interior, the other half was fixed and supported vehicle drive components. A bracket was welded to the enclosure where the lid was cut to support a sealing gasket. Lifting features were mounted on the front and rear of the vehicle for lowering and leveling the vehicle inside a manhole.
The drive system components include 2 servo amplifiers, 2 gear motors, and 4 chain-driven pneumatic tires. The gear motors are mounted symmetrically on the fixed portion of the chassis top lid due to interior space limitations. Mounting the motors on the chassis exterior is advantageous in that they can be accessed and maintained easily. Stationary tire axles pass through the chassis interior. The tires rotate on the axles using roller bearings integrated in the wheel hubs. Each rear tire has two gear sprockets welded to the wheel hub. A steel chain links the motor shaft gear sprocket to the first rear wheel gear sprocket. A second steel chain links the second rear wheel gear sprocket to the front wheel gear sprocket. The motor sprockets drive the rear wheels, which subsequently drive the front wheels. Chain tensioners and motor slides are used to install, remove and adjust the chains easily. The tires are mounted on the chassis to provide a 2" clearance below the vehicle.
Servo amplifiers power the gear motors. The servo amplifiers are mounted under the hinged portion of the chassis' top lid to permit easy access to the servos as they are tuned to the gear motors. A unique circuit is utilized that converts the current loop drive signal to a voltage level for the servo amplifiers. Unlike voltage signals, current loops are immune to noise and maintain a constant signal over long distances.
The vehicle employs 2 remote video cameras for navigation and inspection. The primary video camera is mounted on the front exterior portion of the vehicle. The secondary video camera is mounted in the rear interior of the vehicle. The primary video camera is a color camcorder module housed in an extruded aluminum enclosure. A halogen 30-watt lamp is mounted on each side of the camera. The lamps and camera are subsequently mounted on a pan and tilt device. This camera is the main navigation and inspection tool on the vehicle. The secondary camera is a low-light level, black and white video device. Its function is to monitor the location of the cable tether when the vehicle is moving. The secondary camera is necessary when the crawler is operated in reverse.
Vehicle Operation
The MAPS vehicle is a remote-controlled device. All the vehicle's functions are controlled by an operator located at a control console. The vehicle is connected to the control box by means of a 300' cable tether. The on-board batteries permit a nominal 8 hours of continuous operation. They can be recharged through the tether. The vehicle's cameras assist the operator in navigation as well as inspection. The vehicle's speed can be precisely controlled from 1 inch/second for radiological measurements and visual inspections to its maximum speed of 2.5 ft/second. The vehicle turns by what is known as skid steering; the wheels on one side turn in the opposite direction to the wheels on the other side. Depending on the condition of the surface beneath the vehicle, a zero turn radius can be achieved.
Control Console Design
The controls for the MAPS vehicle are packaged in a compact, water-resistant, aluminum, instrument case, shown in Figure 3 . The case dimensions are 7" x 9" x 16". The compact nature of the case presented some interesting design A great amount of effort went into the layout of the case. Of chief concern were features such as functionality, operability, and accessibility. Nearly all of the console's components are attached to either a top or a lower metal mounting plate. These plates are connected to each other using metal stand-offs. Handles located on the top plate permit easy removal of the entire assembly.
The control console contains a 6" color video monitor, an assortment of connectors and receptacles, digital displays, rocker switches, joysticks, power supplies, and voltage-to-current converters. The color monitor is attached to the lid of the control console so that it can be easily viewed when operating the crawler. All other components are mounted on either the upper and lower plates.
Components mounted on the upper plate include the cable tether, battery re-charger and AC power receptacles, digital displays, switches, video and radiation instrument connectors, and joysticks. An engraving process was used to label each of these components. The vehicle's battery voltage and the joystick's drive command signals are displayed on easy-to-read digital displays. The battery voltage display is located adjacent to the main power switch. The drive current output displays are located adjacent to their respective joysticks. The receptacles and connectors are placed where they could be easily accessed when connecting and disconnecting the cable tether, battery re-charger, AC power cord, video and radiation instrumentation. The joysticks and rocker switches are placed on the panel where they can be easily accessed and operated. The left joystick controls the vehicle's left-drive motor while the right joystick controls the vehicle's right-drive motor. The rocker switches are separated into two distinct groups. Two switches are used to control the pan and tilt device. Three switches are used to control the camera's lens functions. The size and orientation of the switches make controlling these functions quick and easy.
The components mounted on the lower plate include power supplies and voltage-to-current (V/I) converters. The power supplies provide the various DC voltages necessary to operate the displays, switches, and joysticks. The V/I converters take analog voltages from the joysticks and convert them into current signals. A current signal is superior to voltage transmission in terms of susceptibility to noise and degradation over long distances.
Control Console Operation
The control console requires 110-VAC power. The cable tether must be connected between the console and vehicle. A switch on the console powers a relay on board the vehicle and provides power to both AC to DC power supplies in the control console. The relay connects the battery voltage to the vehicle's servo amplifiers and power supplies that are necessary to operate the pan and tilt motors, cameras and lights. All video is displayed on the monitor. By operating the camera select switch, the operator can select which of the vehicle's camera views is displayed on the monitor. Five switches control the pan and tilt device as well as the camera's lens functions. The vehicle is driven using the joysticks.
Cable Management Design
A 300', 24-conductor multipurpose cable is used as the vehicle's tether. The cable is designed for power, video, and digital data transmission. It contains 2 video coaxial lines, 4 twisted pairs for light-duty power, 3 audio pairs, and 2 heavyduty power wires. The cable weighs nearly 100 pounds. The tether is stored on and dispensed from a non-motorized cable reel. The reel's flanges are approximately 18" in diameter and 12" wide between the flanges. The reel's overall width is 24" and it weighs 60 pounds. The cable reel has a 24-slot slip ring that makes it possible to dispense and retract cable while it is energized. The slots on the slip ring are designed to carry up to 5 amps. To make the cable and reel portable, they were mounted on a heavy-duty hand truck. The hand truck is a convertible type. It has 2 pneumatic tires as well as 2 dolly wheels that it uses for stability in its converted configuration. The pneumatic wheels make it easier to push the hand truck over loose gravel and other rough terrain.
Cable Management Operation
The reel is connected to the vehicle via a long 300' tether. It is connected to the control box with a 25' pigtail. The reel is manually operated. The reel is most valuable in the retracting of the tether. In some applications, the tether will become contaminated. The reel can be rotated manually by using a hand crank to rewind the tether. Using the reel will prevent operators from coming into contact with the cable. The reel is equipped with a locking pin that restricts the reel from rotating unexpectedly. During operation, the reel offers minimal resistance because it is a spin-free type reel. The reel is designed to be located where the operator can monitor the tension of the tether during the dispensing and retrieval process. Proper tension on the tether is crucial to avoid kinks in the cable and to avoid breaking a connection due to excessive tension.
Deployment System Design
The MAPS vehicle is cumbersome and difficult to handle manually due to its weight ( ~ 150 lbs.). A system was designed to aid in the deployment and retrieval of the vehicle. The deployment system is designed to support the weight of the vehicle as it is lowered down into and raised out of the pipeline. It is necessary to pass the vehicle through the manhole access in a vertical position due to the vehicle geometry. However, it is required to land the vehicle in a horizontal position in order to achieve successful operation. In order to satisfy both conditions, the deployment system has the capability to change the orientation of the vehicle as the vehicle is being lowered. A heavy-duty tripod is used to support the system weight during deployment. The tripod is a heavy-duty Hercules system rated to handle over 400-lb. The Hercules tripod stands over 8' high and the base can cover spans up to 12'. The legs are independently adjusted; this allows the tripod to be used on unlevel terrain. An over-sized eyebolt is mounted on the tripod top and supports two 200-lb capacity chain hoists. The chain hoists have a 30' handling limit.
Deployment System Operation
Upon arranging the tripod system over the manhole, the hoists are attached to the tripod through the eyebolt. The hooks from both hoists are then attached to the vehicle, one at the front and the other at the rear. The vehicle is subsequently lifted off the ground with the rear end above the front end. The vehicle is lowered in this vertical position through the manhole entry. The vertical orientation is maintained by lowering both hoists at the same rate. As the vehicle approaches the bottom of the manhole the rear end is lowered more rapidly until it is relatively even with the front end. After the vehicle becomes level and makes contact with the floor, the hooks are released and the MAPS is ready for operation.
TESTING AND RESULTS
MAPS is currently undergoing integration testing separated into 3 tests. The first test has been completed and the remaining tests will be performed next fiscal year. The first test involved a cable-pull demonstration. The purpose of the test was to determine if and how far the vehicle could pull its own cable from the cable reel. The test took place on an asphalt road and under dry conditions. The vehicle was driven down the side of the road. It experienced no problems in pulling the control cable. However, a design flaw was observed in the operation of the vehicle. If AC power to the control console was interrupted after the vehicle was turned on, the vehicle would move backward on its own accord. This problem was fixed by adding a relay in the control console. Now, both the AC power and the ON/OFF switch must be ON before the vehicle will operate. If either condition is lost, the vehicle will not operate.
The second test will involve typical debris found in pipelines. The purpose of this test would be to see if and how well the vehicle can negotiate through a number of conditions and obstacles. The vehicle will be tested in both dry and wet gravel and sand. Also, the vehicle will be operated in water and over debris such as banding strap material, sticks, and chunks of concrete and wood.
The third test will involve a deployment demonstration in a typical application scenario. The purpose of this test will be to demonstrate landing and retrieving the vehicle using the tripod-based hoist. The vehicle will be landed at the bottom of a manhole and driven into and out of a pipeline. In addition, the clarity and visibility of the control console's video monitor will be evaluated. Sunlight has a dramatic effect on picture quality. It is quite possible that a hood may have to be incorporated into the control console to improve picture quality.
CONCLUSION
The Westinghouse Savannah River Company is committed to safely and economically decommissioning facilities and remediating former waste sites. Inspections are a very important part of these tasks. There is a need for a rugged, inexpensive, and re-usable remote-controlled vehicle to perform visual and radiological inspections of underground pipelines and other structures that may be hazardous or physically challenging for personnel to inspect. Off-the-shelf equipment is sometimes not appropriate or available for these tasks. Engineers at the SRS were able to design, fabricate, and assemble a remote-controlled vehicle made almost entirely out of commercially available components. The vehicle, control console, and cable management system were tested and worked as designed. Future improvements include reducing the size and weight of the control cable, improving the chassis' water resistance, and further reducing the cost of the entire remote-controlled system.
